Problematic eating behaviors during childhood may lead to positive energy balance and obesity. Therefore, this study aims to investigate the association of eating behaviors with nutritional status and body composition in Malaysian children aged 7 to 12 years. A total of 1782 primary schoolchildren were randomly recruited from 6 regions in Malaysia. The multidimensional Children's Eating Behaviour Questionnaire (CEBQ) was reported by parents to determine the 8 different dimensions of eating styles among children. Body mass index (BMI), BMI-for-age Zscore, waist circumference, and body fat percentage were assessed. Linear regression analyses revealed that both food responsiveness and desire to drink subscales were positively associated with a child's body adiposity, whereas satiety responsiveness, slowness in eating, and emotional undereating subscales were negatively associated with adiposity (all P < .05). A multidimensional eating style approach based on the CEBQ is needed to promote healthy eating behaviors in order to prevent excessive weight gain and obesity problems among Malaysian children.
Introduction
The prevalence of overweight and obese children has increased worldwide in recent decades, leading to an increase in global prevalence from 4.2% in 1990 to 6.7% in 2010, and the prevalence is expected to reach 9.1% by 2020. 1 Malaysia, a rapidly developing and multiethnic country located in South-East Asia, is similarly experiencing a rise in childhood obesity, likely as a result of changes in lifestyle and eating patterns. 2 Overweight and obese children are at higher risk of developing metabolic syndrome, and among Malaysian children, the risk of developing metabolic syndrome is 16 times higher than in normal weight children. 3 Furthermore, Lloyd et al 4 reported that childhood obesity predisposes children to adult obesity, with more severe consequences.
Being overweight or obese is widely acknowledged to be a consequence of energy imbalance as a result of excessive caloric intake and insufficient physical activity. Moreover, it has been suggested that childhood adiposity is greatly influenced by inappropriate eating behavior pattern, whereby excessive energy intake exceeds energy expenditure. 5 Another study has shown that obese children exhibit unique eating behaviors and are more sensitive to food cues, such as the smell of food, and suffer more binge eating episodes compared with normal weight children after exposure to food cues. 6 Overresponsiveness toward food cues may not only be limited to food choices but may include beverages, especially sweetened beverages, which are associated with excessive weight gain. 7 In addition, children who were overweight and obese were found to be less responsive to satiety, 8 commonly eating too fast 9 and overeating to cope with negative emotions. 10 Moreover, fussy eaters are associated with lower body mass index (BMI) among children. 11 In contrast, a study by Santos et al 12 indicated that associations between fussy eaters and the BMIs of children were inconclusive.
Although eating is part and parcel of one's survival, it is common for food intake beyond energy requirements to occur in today's obesogenic environment that in turn leads to consumption stimulated not by physiological hunger but largely by pleasure (hedonic hunger). 13 However, some people are still able to stay lean regardless of high food consumption. Hence, there is a need to discover the underlying eating behaviors that may contribute to differences in the weight status of children. 8 The understanding of these relationships is important because most research and interventions for the prevention of obesity focus on advice regarding eating habits and physical activity. 14 Previous studies have primarily examined child eating behaviors, with BMI as the only indicator of nutritional status. 11, 15 However, BMI provides no information on body composition, whereas percentage body fat (%BF) and waist circumference (WC) are indicative of adiposity. 5 Hence, studying eating behavior in relation to nutritional status indicators other than BMI may provide better insights into the problem of overweight and obese children. Therefore, the aim of this study was to determine the association between eating behaviors with BMI, BMI-for-age Z-score (BAZ), WC, and %BF as indicators of nutritional status and body composition of Malaysian children aged 7 to 12 years.
Methods

Study Design and Participants
The Malaysian database of the South East Asian Nutrition Surveys (SEANUTS) was used for this analysis. SEANUTS Malaysia is the latest nationally representative cross-sectional population-based survey conducted from May 2010 to October 2011 among children aged 6 months to 12 years from 6 regions in Malaysia. A multistage stratified random sampling approach was used, and participants included children from all the major ethnic groups-namely, Malay, Chinese, Indians, and others (namely, Sabah bumiputra, Sarawak bumiputra, and other bumiputra).
Of the 3542 children aged 6 months to 12 years who participated in SEANUTS Malaysia, a total of 1969 children were aged 7 to 12 years. Of these, a total of 1782 children aged 7 to 12 years (866 boys; 916 girls) who had complete data for the Child Eating Behaviour Questionnaire (CEBQ) and sociodemographic characteristics were included in this analysis. More detailed information regarding the SEANUTS Malaysia study design has been reported elsewhere. 3 The survey was conducted according to the guidelines laid down in the Declaration of Helsinki, with ethical approval from the Medical Research Ethics Committee of the Universiti Kebangsaan Malaysia and permission from the Ministry of Education Malaysia and school principals. Written informed consent was obtained from parents or guardians of all participants, and verbal assent was obtained from each child prior to data collection.
Study Questionnaire
The multidimensional CEBQ was designed by Wardle et al 16 and was validated by Ong 17 among 510 Malaysian children of multiethnic backgrounds specifically for the SEANUTS Malaysia study. To verify the underlying structure of the Malay and Chinese translations of the questionnaire and to ascertain whether it was similar to the original scale, all 35 CEBQ items were translated to Malay and Chinese by research assistants who are fluent in both languages and experts in the field of nutrition. The translated questionnaire was cross-checked, and back translation was performed to ensure consistency and accuracy of the CEBQ. However, each CEBQ item in the original English language was maintained in the translated version for the parents' reference. The CEBQ includes 8 subscales representing 8 types of eating behaviors that assess food approach behaviors-food responsiveness (FR; 7 items), enjoyment of food (EF; 3 items), emotional overeating (EOE; 3 items), and desire to drink (DD; 3 items)-and food avoidance behaviors-satiety responsiveness (SR; 5 items), slowness in eating (SE; 4 items), emotional undereating (EUE; 4 items), and food fussiness (FF; 6 items). The food approach behaviors reflect the positive preferences for food intake, whereas the food avoidance behaviors indicate the negative preferences for food consumption. Definition of the eating behavior dimensions and its items are shown in Table 1 . The CEBQ subscale scores were calculated by the mean score from the sum of the items divided by the number of items answered in each dimension. The entire 35-item instrument is rated on a 5-point Likert scale (ranging from never to always), where higher scores reflect a higher intensity of the specific eating behaviors. The scores for 5 of the opposite phrasing items were reversed based on the instrument instructions. Ong 17 showed good internal consistency for the CEBQ subscales used in a population of Malaysian children, whereby the Cronbach's α coefficients ranged from .70 to .85. The details of the development and validation of the questionnaire have been described elsewhere. 17 
Anthropometric Measurements
Body weight was measured to the nearest 0.1 kg with a digital weighing scale (SECA model 803, Germany). Height was measured using a portable stadiometer (SECA model 213, Germany) to the nearest 0.1 cm. BMI (kg/m 2 ) was calculated by dividing weight (kg) by the square of height (m). BAZ was calculated using the WHO AnthroPlus software version 1.01. 18 WC was measured to the nearest 0.1 cm at the midpoint between the lowest rib and the iliac crest using a Lufkin tape (Model W606PM; Apex Tool Group, USA). 19 Body fat percentage (%BF) was measured by bioelectrical impedance (Bodystat model 1500 MDD, Isle of Man, UK) using the formula incorporated in the instrument. 20 All measurements were conducted in the morning with the children barefooted and in light clothing.
Data Analyses
Complex sample analyses were conducted using SPSS version 22.0 (IBM Corporation, Chicago, IL), using weight factors based on the Malaysian population census of 2010. 21 A descriptive analysis was performed to analyze the sociodemographic and nutritional status of the children by age group and sex. Data were presented by age groups (7-9 years and 10-12 years) and then further stratified by sex. All the descriptive data are expressed as frequency (percentage) with 95% CIs for categorical variables and otherwise expressed as means with standard errors (SEs) for continuous variables. Differences between the parameters of age groups and sexes were analyzed using t-tests. Multivariate analysis with the complex samples general linear model (GLM) procedure was applied to determine the association of CEBQ subscale scores with BMI, BAZ, WC, and %BF. Collinearity diagnostics were performed, and we found no multicollinearity between the independent variables in the model. Furthermore, the model was adjusted for age, area of residence, ethnicity, and parental education. The values from GLM are reported as β and SEs. All statistical tests were 2-sided, and the significance level was set at P < .05.
Results
A total of 1782 participants were included in this analysis, representing an estimated 2.7 million Malaysian children aged 7 to 12 years old. The descriptive statistics of the sociodemographic characteristics of the children are reported in Table 2 . The majority of parents had at least a secondary education, with less than 2% having no formal schooling. Table 3 shows the nutritional status of the children. The BMI and WC of children aged 10 to 12 years for both sexes were significantly higher than children in the 7-to 9-year-old age group. However, the %BF of children of both sexes aged 7 to 9 years was significantly higher than that of their older counterparts.
In both age groups, boys had a significantly higher WC than girls, whereas girls had significantly higher %BF than boys. Mean scores for the CEBQ subscales that contain 8 dimensions of eating styles are presented by sex and age groups in Table 4 . The mean values for 6 out of 8 factors in the 7-to 9-year-old group and for 5 out of 8 factors in the 10-to 12-year-old group were above the scale midpoint (2.5), except for the FR score for girls and the SE score for boys. Mean SR, SE, EUE, and FF scores of children aged 7 to 9 years of both sexes were significantly higher than those of their older counterparts, except for the EUE score, which was higher in younger girls only. Boys had significantly higher EOE scores than girls in the 10-to 12-year-old group. However, girls had significantly higher SE scores than boys in both age groups.
The complex samples GLM for BMI, BAZ, WC, and %BF after adjusting for age, area of residence, and parental education are shown in Table 5 . The FR subscale was found to be positively associated with body adiposity of both sexes, whereas the DD subscale only showed positive association with BMI and WC of girls. However, the SR subscale was negatively associated with body adiposity in all children except for BF% of boys. The SE subscale was found to be negatively associated with WC in girls only. Moreover, a negative association was found between the EUE subscale and the body adiposity of boys.
Discussion
To the best of our knowledge, our study is the first to investigate eating behaviors associated with BAZ, WC, and %BF among multiethnic Malaysian children. Although there are no significant differences in the CEBQ subscales that reflect food approach behaviors (FR, EF, EOE, DD), children aged 10 to 12 years scored significantly lower at the subscales that reflect food avoidant behaviors (SR, SE, EUE, FF), except for EUE in boys when compared with their younger counterparts. The findings of the current study were similar to those from previous studies, which reported that sex and age variations in the 8 dimensions of eating styles were also found among European children. 15, 16 Wardle et al 16 found age differences suggesting that these food approach behaviors become more apparent as children age. This may be a result of older children having more autonomy in choosing the types and amount of food they consume, 22 whereas younger children probably do not yet have free access to foods. 23 The findings of the present study suggest that the multidimensional eating style approach is associated with childhood nutritional status and body composition. In general, previous studies showed that higher food approach behavior subscale scores in children were associated with higher BMI, and vice versa for the food avoidant behaviors. 11, 15 Similar findings were found in the present study, particularly in the context of the positive associations between food approach behaviors such as FR and DD subscales with body adiposity. 5, 11, 12, 15 In contrast, the negative associations between food avoidant behaviors and children's body adiposity are similar to the findings of past studies, especially for SR, SE, and EUE subscales. 5, 11, 12, 15 The positive association of the FR subscales with children's body adiposity is consistent with previous studies showing that a higher response to food was associated with higher BMI, BAZ, WC, and %BF in children. As highlighted by Jansen et al, 23 overweight children failed to regulate their food intake and tended to eat more, leading to overeating and obesity when compared with normal weight children. In addition, Carnell and Wardle 8 reported that overweight and obese children have greater food response (FR) to environmental food cues such as taste, color, and smell. Bolhuis et al 24 also found that food texture has an impact on energy intake, whereby soft food was associated with higher intake as compared with hard food. According to the existing findings, the DD subscale scores were associated with higher BMI and WC for girls. As the DD subscale measured unspecified types of beverages, it is difficult to figure out the underlying link between this subscale and body adiposity. Thus, one possible explanation could be that excessive sugars consumed from sugar-sweetened beverages may be stored as fat, causing weight gain. 25 In addition, Malik et al 7 also found that frequent consumption of sugarsweetened beverages has shown strong positive associations with BMI. However, interestingly, this is contrary to a recent study conducted by Ha et al, 26 which showed that total sugar intake was higher for 9-to 14-year-old girls than boys, but the sugar intake from sugar-sweetened beverages was not associated with the girls' weight status. Future studies with more focus on drinking behavior, such as the DD and types of beverage intake by sex, are therefore suggested.
Higher scores on the SR subscale, however, were associated with lower BMI, BAZ, WC, and %BF, except for %BF of boys. In other words, children who are less sensitive to their internal satiety cues in food intake were seen to have higher body adiposity. A previous study suggested that SR scores are lower in heavier children. 12 Failure to show such behavioral traits can be linked to overconsumption of food, which further leads to excess fat storage and weight gain. 11 Therefore, those who are able to regulate their food intake based on their internal satiety cues are able to reduce energy intake, which might prevent excess fat storage weight gain.
Our study indicates that higher SE subscale scores were associated with lower WC for girls. The finding is consistent with the findings of Santos et al, 12 which found that the SE subscale scores for girls was significantly higher than that for boys and it was inversely associated with childhood obesity. Eating fast is positively associated with energy intake, which consequently leads to excess body weight. 9, 27 Apart from that, Zhu et al 28 found that faster eating is associated with higher WC and high-density lipoprotein cholesterol levels among the adult population and may hasten the onset of metabolic syndrome. Thus, children who eat fast may end up eating more than they would have had they eaten more slowly, which consequently leads to excess fat storage and weight gain.
The result of the present study also indicates that the EUE subscale was only negatively associated with BAZ, WC and %BF, but there was no significant association in the EOE subscale. In contrast, the study by Webber et al 5 found that EOE was positively associated with weight status, but EUE was not associated with weight status. However, it was later shown by Sleddens et al 15 that higher EOE and lower EUE scores were associated with higher BMI. According to van Strien and Oosterveld, 29 EUE is more pronounced in young children because they lose their appetite as a natural response to stress, associated with a loss of gut activity, leading to reduce food intakes. Interestingly, Nguyen-Rodriguez et al 30 found that perceived worries and stress were related to emotional eating in adolescents, where the emotional eating in boys appears to follow a more general emotion of confused mood, as opposed to the emotional eating in girls, in which it originates from a cluster of psychological states of stress and anxiety. Perhaps more research on this behavior needs to be undertaken before the differences in association of emotional eating with weight status between boys and girls is more clearly understood.
This study has several limitations that should be acknowledged. There is inherent uncertainty related to the measurement of subjective eating behavior in children through questionnaires, in contrast to direct observations of eating behavior. Furthermore, children's eating behavior was reported by their parents. This proxy report could vary from actual eating behavior because it is dependent mainly on parental perception and limited observation time. Thus, reporting bias cannot be excluded. Also, the cross-sectional design carries a limitation with regard to causal-effect inference, because it is not possible to verify whether the eating behaviors were determinants or consequences of excess weight. Therefore, caution is required in the interpretation of these findings.
Despite these limitations, this study was the first in Malaysia to investigate childhood eating behaviors using a validated questionnaire (CEBQ) in a large, nationally representative sample of multiethnic children aged 7 to 12 years. The current study provides additional literature that associates childhood eating behaviors with BMI, BAZ, WC, and %BF. Another strength of the study is that correlates of adiposity, such as age, sex, area of residence, ethnicity, and parental education, were taken into account as confounders when modeling the relationship between eating behavior and adiposity. However, unmeasured potential confounders cannot be ruled out. In addition, this study uses various types of measurements in determining the body adiposity status. Adiposity measurements include anthropometric indicators (BMI, BAZ), body composition profile (%BF), and abdominal fat (WC).
Conclusions
Our findings reveal the influence of age, sex, nutritional status, and body composition on eating behaviors among multiethnic Malaysian children. This study found that more food approach behaviors, particularly in response to food and DD, are associated with higher body adiposity. In contrast, lower body adiposity is observed among children who show greater food avoidant behaviors on SR, SE, and EUE. Future longitudinal studies are needed to strengthen the evidence for a multidimensional eating style approach in the etiology of obesity. The findings of this study suggest that eating behavior assessments are needed to guide future obesity prevention and intervention strategies that promote healthy eating behaviors among children.
